A phylogenetic analysis of a fragment of the mitochondrial gene 16S was used to test the monophyletic status of Potimirim. Existing doubts on the taxonomic status of Potimirim brasiliana (once P. glabra) and P. potimirim (once P. mexicana) were clarified. Potimirim mexicana and P. potimirim are distinct species according to molecular data and appendix masculina morphology. A new species (Potimirim sp. 1) from Puerto Rico was revealed with molecular data, and it is evolutionarily related to P. potimirim and P. mexicana according to our analysis. We found out three distinct species under the name P. glabra. Then, we recommend the application of the name P. glabra for the populations of the Pacific slope of Central America and revalidation of P. brasiliana for the Brazilian ones. The need for a new name to those "P. glabra" of the Caribbean is highlighted, and it was provisionally referred as Potimirim sp. 2. The ontogenetic (juveniles to adults) development of the appendix masculina of P. brasiliana was observed and compared to the other species of Potimirim (adults). In the light of our phylogenetic hypothesis, we postulate a pattern of character addition for the evolution of the appendix masculina of Potimirim. This hypothesis is plausible for two key reasons. First, Potimirim is a monophyletic group according to our hypothesis. Second, the shape of appendix masculina found in adults of P. americana is similar and comparable to those found in the earliest juvenile stages of P. brasiliana, a derived species according to our phylogeny (P. americana, ((P. mexicana, Potimirim sp. 1, P. potimirim), (P. glabra, (P. brasiliana, Potimirim sp. 2)))). As so, the basal P. americana retain the ancestral morphological state of the appendix masculina when compared to the other species of Potimirim. In our interpretation the ontogeny of the appendix masculina recapitulated the proposed phylogeny, giving further support to it.
INTRODUCTION
Atyidae contains approximately 470 described species distributed worldwide (De Grave et al., 2009; De Grave and Fransen, 2011) . Despite this notable diversity of the family, the Neotropical region has only 19 species (De Grave et al., 2008) . Bouvier (1925) revised the Atyidae of the world and recognized two distinct groups of species in the Americas; he included Atyoida Randall, 1840 and Caridina H. Milne Edwards, 1836 in the first group, as the "forms indo-pacifiques. . . peu stables." In the second group, Bouvier considered the species of Ortmannia Rathbun, 1901 as the "forms américaines, très stables et peu variables." This second group of species was taxonomically modified years later. Holthuis (1954) synonymized the type-species Ortmannia henshawi Rathbun, 1901 with Atya bisulcata (Randall, 1840) , and the genus Ortmannia became invalid based on the priority principle. It became necessary to propose a genus name for the species of Ortmannia different of Atya Leach, 1815 . Dealing with this issue, Holthuis (1954) considered Bouvier's second group of species a * Corresponding author; e-mail: flmantel@usp.br natural one, and proposed the genus Potimirim Holthuis (1954) for those species: Ortmannia americana (Guérin-Méneville, 1855), Ortmannia mexicana (De Saussure, 1857) and Ortmannia serrei (Bouvier, 1909) . Holthuis (1954) also included Atyoida glabra Kingsley, 1878 , which is a species originally described for the Pacific drainage of Nicaragua. By the time of its definition, Potimirim included the four following species: Potimirim americana (Guérin-Méneville, 1855), P. glabra (Kingsley, 1878) , P. serrei (Bouvier, 1909) and the designated type-species P. mexicana (De Saussure, 1857) .
Five years later, Villalobos (1959) resurrected Potimirim potimirim (Müller, 1881 ) (under synonym of P. mexicana since Bouvier, 1925) and described the new species, Potimirim brasiliana Villalobos, 1959 . Two years later, Hart (1961) separated P. serrei into the monotypic genus Jonga Hart, 1961 based on the row of supraorbital teeth present on its carapace. Subsequently, Smalley (1963) subjectively synonymized P. brasiliana with P. glabra, and the former name became invalid. After this rearrangement, the genus ina (Page and Hughes, 2007; von Rintelen et al., 2007) . On the other hand, morphological characters were enough for species recognition in other lineages of Caridina (Richard and Clark, 2009, 2010) . Regarding this issue, Page and Hughes (2011) observed that "each kind of biological data also has particular strengths, weaknesses and purviews." Along these lines, Valentine (2004) emphasizes the strength of ontogenetic data and evolutionary developmental studies as powerful tools in phylogenetic analysis. In this respect, ontogenetic patterns are in general informative of phylogenetic events.
The present contribution aims to test the monophyletic status of Potimirim, providing a phylogenetic hypothesis based on mitochondrion molecular data. Other sources of information, such as morphology and ontogeny will be used to evaluate this hypothesis. In this process, external characters that delimit species and species groups will be analyzed in an evolutionary framework. New data on the on the ontogenetic development of the appendix masculina will be provided and interpreted together.
MATERIALS AND METHODS
Sample Collection, Species Diagnosis, and Applicability of Names
All the valid and invalid species of Potimirim where considered in our phylogenetic analysis. We made field collections in the Brazilian coastal drainage (States of Santa Catarina, Paraná, São Paulo, Rio de Janeiro, Espírito Santo, and Bahia) ( Fig. 1) , by sieving amongst marginal vegetation and under the rocky bottom of rivers and streams. Collections were also made by us in the Pacific and Atlantic drainages of Panama (Torati et al., 2011) Considering the previously reported taxonomic doubts concerning the species of Potimirim, a detailed comparative morphological study of adult male external morphology of the genus was also conducted in order to better understand the morphological character variation of species and give us a robust support during specimen identification (Torati, 2009; Torati and Mantelatto, in preparation) . When only females were available, identification was completed with molecular sequences comparisons, which were performed in the computational program BIOEDIT 7.0.5 (Hall, 2005) .
In the present contribution, the names P. mexicana and P. potimirim were applied referring to distinct species, and identification followed Villalobos (1959) . We applied the name P. glabra to specimens sharing an unarmed sinus on the margin of the appendix masculina, epipods on fourth pair of pereiopods in both males and females, and strictly occurring in the Pacific coastal drainage of Central America (sensu Kingsley, 1878) . We applied the name P. brasiliana to those populations sharing these same characteristics but occurring strictly in the Brazilian coastal drainage. Finally, we applied Potimirim sp. 1 to a population collected in Puerto Rico (only one female genetically analyzed). This species is morphologically similar to P. potimirim and P. mexicana as identified by Werner Klotz. We designated as Potimirim sp. 2 those populations sharing these same morphological characteristics of P. glabra and P. brasiliana, but occurring in the Caribbean drainages. Applicability of these names was adopted after a comparative study of external morphology (Torati, 2009 ) and also on grounds of the molecular analysis of the present contribution. Publication of the taxonomic revision is ongoing (Torati and Mantelatto, in preparation) .
The appendix masculina of analyzed specimens were dissected and cleared using KOH (5%). Slides were mounted in glycerin (70%) plus ethanol (30%). Dissected parts were stained with Toluidine Blue just before observation. Images were obtained using a LEICA ® DM5000 B optic microscope provided with a digital camera LEICA ® DFC300 FX. Focused slices images were obtained and mounted using the Table 1 . Species of Atyidae, localities and specimens included in the present study. Abbreviations for collections are: CCDB = Crustacean Collection of the Department of Biology of Faculty of Philosophy, Science and Letters of Ribeirão Preto (FFCLRP), University of São Paulo (USP), Brazil; ZMB = Zoologisches Museum Berlin, Berlin, Germany; RMNH = Rijksmuseum Van Natuurlijke Historie, Leiden, Holland; GU = Griffith University, Nathan, Australia; CNCR = Coleccíon Nacional de Crustáceos de La Universidad Nacional Autónoma de Mexico, Mexico City, Mexico; HU = Humboldt University, Berlin, Germany. * Material from type-locality. References: a - Page et al. (2008); b -von Rintelen et al. (2008); c -Bracken et al. (2009 All sequences obtained in this study were generated from our own DNA extractions. Genetic vouchers from which tissue samples were obtained are deposited in scientific zoological collections (Table 1) . For DNA extraction, amplification and sequencing, we followed the protocol developed by Schubart et al. (2000) , and modified by Mantelatto et al. (2007 Mantelatto et al. ( , 2009a . Tissue samples were excised from pleonal musculature and also from entire pleopods in order to extract total genomic DNA (always preserving one animal side entirely). Extracted tissues was macerated and incubated for 12-24 hs in 600 ml of lysis buffer at 65°C. Protein was separated with the addition of ammonium acetate (200 ml, 7.5 M) followed by centrifugation. The addition of 600 ml of cold (−20°C) absolute isopropanol was used for DNA precipitation, also followed by centrifugation. The resulting pellet was then washed with 70% ethanol, dried in a lyophilizer and resuspended in 10-20 ml of TE buffer. A region of approximately 500 bp of the gene 16S rDNA was amplified from extracted DNA using the universal primers 16S mtDNA 16Sar (5 -CGCCTGTTTATCAAAAACAT-3 ); 16Sbr (5 -CCGGTCTGAACTCAGATCACGT-3 ) (Palumbi et al., 1991) . The polymerase chain reaction (PCR) technique was performed in a Thermo ® (Portsmouth, NH) PxE 0.2 Thermal Cycler (thermal cycles: initial denaturing for 5 min at 95°C; annealing for 35 cycles: 45 sec at 95°C, 30 sec at 50°C, 1 min at 72°C; final extension of 10 min at 72°C). The PCR products were then purified using Microcon 100 ® filters (Millipore Corp., Billerica, MA). Sequencing followed using the ABI Big Dye ® Terminator Mix (Ap-plied Biosystems, Carlsbad, CA) in an ABI Prism 3100 Genetic Analyzer ® (Applied Biosystems automated sequencer) according to the Applied Biosystems protocols.
Taxon Sampling
All valid and invalid species of Potimirim are included as well as the type-species of Jonga, Atyoida, Caridina, and Atya. Chosen out-groups were all once taxonomically related to Potimirim (see introduction), and for this reason were considered possible falsifiers of the hypothesis of a monophyletic Potimirim. Xiphocaris elongata (Guérin-Méneville, 1855) was used to root the analysis, as Xiphocarididae and Atyidae form a monophyletic assemblage with high support (Christoffersen, 1986; Bracken et al., 2009; von Rintelen et al., 2012) .
On the basis of morphology, genetic voucher materials were assigned to species as follows, and DNA was successfully sequenced for those indicated by an asterisk *, that represent the specimens used for molecular analysis from numbered lot and here considered as DNA voucher. Molecular Phylogenetic Analysis Sequences of both strands were compared and consensus was obtained using the program BIOEDIT 7.0.5 (Hall, 2005) . All obtained sequences are available on Genbank database (accession numbers JN 228966 to 228992). The molecular phylogenetic analysis included 37 sequences of a partial fragment of the 16S rDNA gene (lengths variation of 426-506 bp). A total of 27 sequences are new to science, and 10 were retrieved from the Genbank database (Table 1) .
Parsimony Phylogenetic Inference.-The obtained consensus sequences was analyzed in POY version 4.0 (Varón et al., 2007) using the direct optimization algorithm (Wheeler, 1996) . This method allows the analysis of sequences of different lengths, without prior static alignment. Also important for a coherent analysis, is that alignment and tree search were performed with the same criterion (parsimony). Each generated alignment hypothesis is tested in the tree search process. This method has been used for several invertebrate groups (Schulmeister et al., 2002; Ogden and Whiting, 2005) and is recently being used in decapods phylogenies (Hultgren et al., 2009; Mantelatto et al., 2009b; Pileggi and Mantelatto, 2010; Vergamini et al., 2011) . The analysis was rooted with Xiphocaris elongata. Wagner trees were built through 250 random addition sequence followed by a combination of branch-swapping steps [subtree pruning and regrafting (SPR) and tree bisection and reconnection (TBR) -swap (threshold: 10)]. The procedure of ratcheting was used to enhance branch swapping by randomly reweighting characters during the SPR and TBR procedure [perturb (iterations: 10, ratchet: (0.2, 2))]. The analysis followed with the tree fusing method, used in order to escape local optima by exchanging clades with identical composition of terminals between pairs of trees (fuse(iterations: 200, swap())).
In accordance with the fundamentals of the direct optimization method, the costs for indels, transversions, and transitions are necessarily identical for alignment and analysis. In this respect, a sensitivity analysis was conducted with different cost matrices, as suggested by Wheeler (1995) . This analysis is a method that compares relative costs of substitutions (transitions and transversions) and indels (insertions and deletions) using the same search strategy described above, but under different parameters. All datasets were analyzed under 9 parameter sets for a range of indels, transitions and transversions ratios to identify trees with more robust clades present under most or all parameter sets. Bremer indexes were also calculated for the most parsimonious tree.
Maximum Likelihood Phylogram.-We used a Maximum Likelihood (ML) method to generate a phylogram. The Kimura 2-parameter model (Kimura, 1980) was used and the analysis was conducted in MEGA5 (Tamura et al., 2011) . The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) was calculated (Felsestein, 1985) . Initial tree(s) for the heuristic search were obtained automatically. When the number of common sites was <100 or less than one fourth of the total number of sites, the maximum parsimony method was used; otherwise BIONJ method with MCL distance matrix was used. Codon positions included were 1 st + 2 nd + 3 rd + noncoding. All positions containing gaps and missing data were eliminated for this analysis.
RESULTS

Sequence Variation
We analyzed 37 sequences, which is also the number of specimens used in the molecular analysis, with a total of 377 bp after alignment. The calculated number of base differences per site from averaging over all sequence pairs (p-distance) was 0.1567 ± 0.0066. Within populations, these numbers averaged 0.0019 ± 0.0015 in P. potimirim, 0.0039 ± 0.002 in P. brasiliana, 0.0018 ± 0.0017 in P. glabra, and 0.0011 ± 0.001 in Potimirim sp. 2. We estimated the evolutionary divergence over sequence pairs between the species of Potimirim, in which all outgroup species were grouped together ( Table 2 ). For individual sequences comparisons, a genetic divergence matrix of the 16S gene used in the phylogenetic analysis is shown in Table 3 . Phylogeny A cladistic phylogenetic hypothesis for Potimirim with all valid species and related out-groups was presented (Fig. 2) . This tree is a consensus of two trees obtained with the lower costs of 720 together with a sensitivity analysis. A phylogram based on ML depicts in scale the branch lengths measured in the number of substitutions per site (Fig. 3) , and this tree has the highest log likelihood (−2541.4667). There is reasonable confidence for the monophyletic status of Potimirim, as confirmed for all parameters tested (except 411) in the sensitivity analysis and 8 units of Bremer support (Fig. 2) .
In our analysis, P. americana is the most basal species of Potimirim, and it is sister group of clades A and B, with 15 units of Bremer support (Fig. 2) . For instance, clade A is formed by species Potimirim sp. 1, P. potimirim, and P. mexicana, and each of them has considerable species support values when all species are compared (Figs. 2 and 3) . Populations of P. potimirim grouped together without clear resolution in the cladistic analysis (Fig. 2) and with comparable branch lengths (Fig. 3) . Clade B groups the species P. glabra, P. brasiliana, and Potimirim sp. 2. Potimirim brasiliana is paraphyletic in relation to P. brasiliana + Potimirim sp. 2, and P. brasiliana is paraphyletic in relation to Potimirim sp. 2. The same overall topology (clades A and B) was found in the phylogram obtained with ML.
Ontogeny and Morphology of the Appendix Masculina A population of P. brasiliana collected at "Ilha de São Sebastião," São Paulo, Brazil (CCDB 2700) was carefully studied. Several male juveniles of varying sizes were analyzed Table 2 . Estimates of evolutionary divergence over sequence pairs between groups. The numbers of base differences per site from averaging over all sequence pairs between groups are shown. Standard error estimate(s) are shown above the diagonal and were obtained by a bootstrap procedure (1000 replicates). The analysis involved 37 nucleotide sequences. Codon positions included were 1st + 2nd + 3rd + noncoding. All positions containing gaps and missing data were eliminated. There were a total of 377 positions in the final dataset. Evolutionary analyses conducted in MEGA5 (Tamura et al., 2011 and observed at different times in the development of their appendix masculina (Fig. 4) . These juveniles were identified as P. brasiliana, according to secondary characters (presence of epipods on the basis of fourth pair of pereopods in males) and identification of adults of the same population. The development of the appendix masculina initiates with the formation of a disc-shaped structure (cl = 0.25-0.31 cm) with few cuspidate setae on the distal margin ( Fig. 4A -B-C). Following development, a process of antero-posterior elongation transforms it into an extended structure with three lobes, with their distal margin fulfilled with cuspidate setae (Fig. 4D , cl = 0.38 cm). With additional growth of individuals (cl = 0.41 cm), ontogenetic development of appendix masculina of P. brasiliana ends with the opening of an unarmed sinus without cuspidate setae on the distal margin, which separates the distal lobe from the middle lobe (Fig. 4E) .
Adult morphology of the appendix masculina of species of Potimirim was also analyzed (except for P. americana and Potimirim sp. 1). Adults of J. serrei possess a filiform appendix (Fig. 5A) compared to all the species of Potimirim (Figs. 4E and 5B-F) . The appendix masculina of P. mexicana and P. potimirim are similar in shape, but different in proportion (Fig. 5C-D) . According to the index (I) proposed by Villalobos (1959) and described below, P. potimirim I = 0.55 is lower than P. mexicana I = 0.88. This information is congruent with the material analyzed (Torati, 2009; Torati and Mantelatto, in preparation) . Adults of P. brasiliana (Fig. 4E) share the overall morphology of the appendix masculina observed for Potimirim sp. 2 and P. glabra, with the presence of an unarmed sinus on the distal margin ( Fig. 5E-F) .
DISCUSSION
The monophyletic status of Potimirim is supported with Bremer and sensitivity indexes (Fig. 2) , and the ML phylogram (Fig. 3) is congruent with our cladistic phylogenetic hypothesis. The proposal of Bouvier (1925) about the species group of Ortmannia differing from the Indo-Pacific genera Caridina and Atyoida is corroborated in the present evolutionary hypothesis. The subsequent taxonomic modifications that occurred in species of Ortmannia after Bouvier (1925) were also supported in a cladistic point of view. To cite, the proposition of Potimirim with the inclusion of P. glabra by Holthuis (1954) , and the separation of P. serrei in the monotypic genus Jonga by Hart (1961) are now confirmed for the first time with molecular data in a comparative analysis of the whole group.
The most instructive synapomorphy of Potimirim is the lamellate shape of the appendix masculina. In Jonga, the appendix masculina is filiform (Fig. 5A) as first reported by Bouvier (1925) , and included initially in the diagnosis of Potimirim (Holthuis, 1954) . If compared to other genera of Atyinae, the appendix masculina of Potimirim is quite conspicuous. In Caridina, the appendix masculina is described to have a sub-cylindrical to cylindrical shape (Richard and Clark, 2009, 2010) , with varied lengths according to the species. The species of Atya possess an appendix masculina that is compressed, slipper-shaped, and flattened mesially (Hobbs and Hart, 1982) , and the species of Atyoida have a rod-like appendix masculina (Smith and Williams, 1982) quite similar those belonging to Caridina. In our observations in Potimirim, the appendix masculina has a lamellate shape from early male ontogeny to adult (Figs. 4 and 5 ). This characteristic is unique among all the Caridea, and serves also to distinguish J. serrei apart of the Potimirim speciesgroup (Compare Fig. 5A with Fig. 5B-C-D-F) , and gives support to the generic status of the former.
The appendix masculina is important in the Potimirimgroup to delimit species. Other external morphological characteristics are also important for taxonomy, such as the epipods, but the appendix masculina is certainly the most variable structure among the species. The ontogeny of the appendix masculina has never been well studied and recorded for any species of Potimirim. In relation to practical taxonomy, this lack of knowledge is a further problem because multiple species normally live sympatrically (Lima et al., 2006) . In the present study, we found P. americana together with Potimirim sp. 2 in a Caribbean collection site, and P. potimirim together with P. brasiliana in several Brazilian coastal streams (Torati, 2009; present study) . Furthermore, the identification of juveniles is only possible when external characters are combined with the appendix masculina developmental stage. The molecular markers are seen now as very useful for the identification of species. The identification of females will be possible with molecular data, since they lack an appendix masculina and identification thus remains impracticable. Holthuis (1954) . Tree cost = 720 steps under parameters 111 (1 for transitions, 1 for transversions, and 1 for indels). Sensitivity analysis with other parameters is represented in the boxes at each node (full boxes indicates the presence of that clade under the parameter combination tested). Cardinal numbers at the nodes corresponds to Bremer indexes (number of additional steps necessary to collapse that node). Transformation in the morphology of the appendix masculina is illustrated. Fig. 3 . Molecular phylogenetic analysis by Maximum Likelihood (ML) method conducted in MEGA (Tamura et al., 2011) . The evolutionary history was inferred based on the Jukes-Cantor model. The percentage of trees in which the associated taxa clustered together is shown next to the branches. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. Fig. 4 . Ontogeny of the appendix masculina of Potimirim brasiliana Villalobos, 1959 . A-C, disc-shaped form similar to adults of P. americana (Guérin-Méneville, 1855); D, expanded form similar to adults of P. mexicana (De Saussure, 1857) and P. potimirim (Müller, 1881) ; E, opening of an unarmed sinus (pointed), also shared with P. glabra (Kingsley, 1878) Holthuis, 1954 and Jonga Hart, 1961 . A, J. serrei (Bouvier, 1909) Considering the taxonomic status of species in clade A, as mentioned above, Bouvier (1925) synonymized P. potimirim with P. mexicana based on the similarity of their appendix masculina. Villalobos (1959) resurrected the former species proposing an index, which shows this sexual structure is larger in P. mexicana, and this is actually the only morphological metrics used to distinguish both taxa. Our molecular results support the validity of P. potimirim since there is strong Bremer support for it monophyletic status (Figs. 2 and 3 ) and comparative sequences divergence (Table 2 ). In this respect, studies dealing with the phylogeography of P. potimirim would be a strong tool towards understanding the diversification of this species in the wide geographical area of its occurrence. Although described from the Veracruz region in Mexico (De Saussure, 1857), we consider the geographical distribution of P. mexicana to extend to the Caribbean drainages but not occurring in Brazil. We analyzed material identified as P. mexicana reported from the Pacific slope of Mexico (Rodríguez-Almaraz and Campos, 1996) , which in fact is P. glabra. Comparatively, the geographical distribution of P. potimirim extends from the Caribbean coastal drainages to South Brazil, from where it was originally described (Müller, 1881) . Our phylogenetic analysis included material from both type localities (Fig. 2) , which furnishes a basis for the applicability of the names used in our comparative study.
In a phylogenetic perspective, the previous suggestion given by Holthuis (1986) on the difference of "P. glabra" from the Pacific and Caribbean drainages is supported according to our analysis of molecular data. Also, the molecular evidence (Page et al., 2008) on the difference between "P. glabra" from the Brazilian and Caribbean drainages are also supported according to our molecular analysis. In fact, there are three distinct species under the name "P. glabra" (clade B), which are genetically different according to our comparative analysis (Tables  2 and 3 ). As the original description of P. glabra was from the Pacific drainage of Nicaragua, we recommend the restriction of this name for those populations occurring on the Pacific slope. We recommend also the resurrection of the name P. brasiliana for those populations occurring in the Brazilian coastal drainage, as type-material from the Ariró River was also analyzed and has been shown to be evolutionarily different from P. glabra sensu Kingsley (1878) . A new name needs to be proposed for those populations of "P. glabra" (Potimirim sp. 2) occurring in the Caribbean. Morphological differentiation between them is slight, and a taxonomic revision is in preparation (Torati, 2009; Torati and Mantelatto, in preparation) .
For practical purposes, the ontogeny of the appendix masculina must be understood, so juvenile males can be properly identified. We presently described the morphology of the appendix masculina at five ontogenetic stages in P. brasiliana (Fig. 4) . The morphological condition observed in adults of all other species of Potimirim (Fig. 5) can be observed at some moment in the ontogeny of P. brasiliana (Fig. 4) ; we believe this is not merely a coincidence. Phylogenetic information gives this fact a temporal dimension of the modifications that occurred in the evolution of this structure in all species of Potimirim, since P. brasiliana is a derived speciesgroup.
In the evolution of Potimirim, a pattern of character addition on the appendix masculina is proposed here. The ontogenetic and phylogenetic data presented allow the inference that the appendix masculina of species positioned in clade B (P. brasiliana, P. glabra, and Potimirim sp. 2) are the most modified, as these species share an unarmed sinus on the posterior margin (Figs. 4E and 5E-F) . The retention of ancestral states in the other species of Potimirim can be inferred as well. Potimirim americana is the most basal species according to our molecular phylogenetic data (Figs. 2 and 3 ). This positioning of P. americana is corroborated by the disc-shaped form of the appendix masculina (Fig. 5B) in the adults because this same disc-shaped form is present in the early ontogeny of P. brasiliana (Fig. 4A) . A plausible interpretation of this fact is that the primitive condition (disc-shaped form) was retained in adults of P. americana and later modified in the evolution of the group, as can be observed in the other species of Potimirim.
The initially disc-shaped appendix masculina of P. brasiliana became antero-posteriorly enlarged in the course of the ontogenetic development. This surface area expansion turned the appendix approximately trilobed (Fig. 4D) . Once again, the ontogenetic and phylogenetic data presented allowed us to infer that species positioned in clades A and B share this ontogenetic condition. In particular, this intermediate developmental condition was retained without apparent modifications in adults of Potimirim sp. 1, P. mexicana, and P. potimirim (clade A) (compare Fig. 4D with Fig. 5C-D) . Finally, the appendix masculina of P. glabra, P. brasiliana, and Potimirim sp. 2 (clade B) was further modified. An unarmed sinus opened on the posterior margin of the appendix (Figs. 3E and 4E-F) . In our interpretation, the described pattern of ontogenetic development of P. brasiliana is too probably the same for P. glabra, P. brasiliana, and Potimirim sp. 2, despite no direct observation.
The epipodial formulae are taxonomically important in Potimirim, in which the fourth pair of pereiopods is comparatively variable. In P. americana (basal species), the forth pair of pereiopods lack epipods in males but this structure is present in females. We postulate that females of the species positioned in clade A (Potimirim sp. 1, P. mexicana, and P. potimirim) secondary lost epipod in the fourth pair of pereiopods. In species of clade A, both males and females lack this character. Thus, one important synapomorphy appeared in species positioned in clade B (P. glabra, P. brasiliana, and Potimirim sp. 2), which is the presence of epipods in the fourth pair of pereiopods in males. In this respect, species in clade B are characterized by the presence of epipods in both males and females.
In conclusion, the evolutionary hypothesis presented in this contribution is strongly supported by molecular, ontogenetic, and morphological evidences. The most variable morphological characteristics of Potimirim (Bouvier, 1925; Holthuis, 1954; Villalobos, 1959) are interpreted in an evolutionary background, and the ontogeny of the appendix masculina recapitulated the proposed phylogeny. The taxonomic status of P. brasiliana and P. mexicana are discussed based on comparative morphological and molecular analyses. In this sense, we rebut the synonymy of Smalley (1963) and suggest revalidation of the name P. brasiliana for those populations occurring in the Brazilian drainage (sampled from Paraná to Bahia States). For the Caribbean populations, however, no name is available and a new one needs to be proposed.
